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TITLE 



PROCESSES AND COMPOUNDS 



PROCESSES AND COMPOUNDS 

this invention relates to processes for the preparation of heterocyclic 
hydfoxyamlnes and to novel substituted heterocycles. 

5 Heterocyclic hydroxyamines are Important intermediates En the synthesis of many 

pharmaceuticals . For example Duloxetine ((+HN«methyl-3^1 -napihthalenyloxy)-2^ 
thiophenepropanamlne), a S4iT and norepinephrine uptake inhibitor, is showing 
considerable promise as a potential treatment for depression and urinary incontinenance 
(US 5,023,269, US 4,956,388 and for a review see Current Opinion in Investigational 

10 Drugs (PharmaPrees Ltd.) (2000), 1(1), 1 16-121). 

Processes for the manufacture of Duloxetlne have been described in Deeter. et aL, 
Tetrahedron Letters, 31(49), 7101-04 (1990); EPB54264; U95,023,269; Liu et aL, 
Chiratlty, 12(1), 26-29 (2000); EP457559;and Wheeler et aL, J. Labelled ComptL 
Radiophaim. 36(3), 213-223 (1995). 

1 5 According to the present invention there is provided a process for the preparation 

of a compound of Formula (1) 



OR 



R1 

20 < 0J * 

Formula (1) 

wherein: 

X is Si O or MR 3 , wherein R s is H or an organic group; 
25 R is H or an organic group; 

ft 1 and R a each independently are H, optionally substituted alkyl or optionally 
substituted aryl; 

G is a substituent; and 
n is 0 to 3; 
30 which comprises the steps: 

(a) reacting a compound of Formula (2) with a compound of Formula NHR 1 R 2 to give a 
compound of Formula (3) 



k OR* 

3S {G >n 




PPOTfXi.tni 
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Formula (2) 



OR 



Formula (3) 




wherein X, R, G and n are as defined above and R 4 is optionally substituted alkyl. 
optionally substituted alksnyl, optionally substituted alkynyl. optlonaliy substituted aryl, 
optionally substituted heteroaryi or a combination thereof; and 

(b) reducing the compound of Formula (3) to give a compound of Formula (1). 

A. second aspect of the Invention provides a process for the preparation of a 
compound of Formula (3) whereby a compound of Formula (2) is reacted with a 
compound of Formula NHR'R* to give a compound of Formula (3). 

A third aspect of the invention provides a process for the preparation of a 
compound of Formula <1) in which a compound of Formula (3) is reduced to give a 

compound of Formula (1). 

When X is NR 3 , then R 9 Is preferably H. optionally substituted alky! or optionally 
substituted aryl, more preferably H or optionally substituted CwalkyL it is especially 
preferred that when X is MR 9 then R* Is H. 

Preferably X is S. 

Preferably n is 0. 

Preferably R Is H, optionally substituted alkyl, optionally substituted alkenyl, 
optionally substituted alkynyl, optionally substituted aryl. optionally substituted heterocyclyi 
or a combination thereof or a hydroxy protecting group such as benzyl, benzoyl or 

tetrahydropyrenyi. _ il _ 

When R is optionally substituted alkyl, optionally substituted alkene or optionally 

substituted alkyne « may be a linear, branched or cyclic molecule. 

It is particularly preferred that R Is H; optionally substituted alkyl, especially 
optionally substituted C«alkyl; or optionally substituted aryl, especially optionally 
substituted phenyl or optionally substituted napthyL 

It Is especially preferred that R Is H or napthyL 

Optional substituents tor R are preferably selected from: alkyl <P!^rabty C*r 
alKyi) optionally substituted alkoxy (preferably C t -ralkoxy), optionally substituted' atfl 
(preferably phenyO. optionally substituted aryloxy (preferably phenoxy), polyalkyleneoxide 
(preferably polyethylene oxide or polypropylene oxide), carboxy, phosphate, sulpho, n.tro, 



cyano, halo, ureido, -SO*F, hydroxy, ester, -NR^, *COR a , -COWR^R*. -NHCOR 3 , 
carboxyester, sulphone. end -SOaNR'R* wherein R* and R* are each Independently H or 
optionally substituted alkyl (especially Ci-ralkyl) or, in the case of -NR a R b , -CONFER" and 
-SOaNR^R^. R B and R b together with the nitrogen atom to which ttiey are attached 
represent an aliphatic or aromatlo ring system; or a combination thereof. 

The substituent G Is preferably selected from the optional substituents as for R. 

Preferably R 1 and R 2 are H or optionally substituted Ciaalkyl. In a preferred 
embodiment one of R 1 and R 2 is H and the other is optionally substituted O^alkyl. In an 
especially preferred embodiment one of R 1 and R 2 is H and the other Is methyl. 

Optional substituents for R* and R 2 are preferably selected from: optionally 
substituted alkoxy (preferably Ci-t-alkoxy), optionally substituted aryl (preferably phenyl), 
optionally substituted aryloxy (preferably phenoxy), polyalkytene oxide (preferably 
polyethylene oxide or polypropylene oxide), carboxy, phosphate, sulpho. nitre, cyano, 
halo, ureido, -SOaF, hydroxy, ester, -NR 8 ^, *COR* -CONR-R 6 , -NHCOR B , carboxyester. 
sulphorte, and -SOaNR^" wherein R° and R* 1 are each Independently H or optionally 
substituted alkyl (especially C^-alkyl) or, In the case of -NR^R", -^C6NR a R b and - 
SOaNR 8 ^, R 8 and R b together with the nitrogen atom to whloh they are attached 
represent en aliphatic or aromatic ring system: or a combination thereof. 

Inferably compounds of Formula (1) prepared by a process according to the 
Invention are of Formula (4). 




Formula (4) 

wherein X, G, n, R, R 1 and R'Ve as defined above. 

In a compound of. Formula (2) R* preferably is optionally substituted alkyl or 
optionally substituted aryl. more preferably optionally substituted C WB alkyl or optionally 
substituted benzyl. It is especially preferred that R 4 is optionally substituted alkyl, 

particularly ethyl. 

Preferred optional substituents for R* are as for R 1 and R z . 

Compounds of Formula (2) are preferably formed by acylating e compound of 
Formula (5) 




<e>„ 
Formula (5) 



i 

! 



where X. O and n are as defined above, to give a compound of 



s Formula (6) 

where X, G, n. and R* are as defined above, followed by reduction of the Bdta-keto group 
eo formed and optionally alkylating the hydroxyl group so formed. 

The compound of Fp/mula (5) is preferably acylated by a dlalkyl carbonate. 
10 Reduction of the Bete-keto group In compounds of Formula <6) may be carried out 

by any means known In the art to be able to reduce Befe-keto groups In compounds such 

asttioseofFormula(e). , ,„ . 

Preferably the reduction of the Beto-teto group in compounds of Formula (6) is 
achieved by reaction with a hydrogen source other than hydrogen gas. The hydrogen 
15 source Is preferably formlo acid; Iso-propanol; cydohexadtene; an organic formate salt, 
. especially triethylamine or ammonia; an inorganic formate sett, especially potass.urn, 
sodium or lithium. More preferrably reduction of the Befa-keto group In compounds of 
Formula (<3) to give a compound of Formula (2) may be by reaction with a mixture a of 
formic acid and triethylamine, preferably In a molar ratio of formic acid to triethylamine of 
20 from 10;1 to 1:1 and especially in a molar ratio of 5:2. 

the reduction of the Sete-keto group in compounds of Formula <6) is preferably a 
stereospedfic reduction. The product of this reduction may be either the (S) or the <R) 
Isomer Preferably the product Is produced m at least 80% e.e., more preferably In at 
toast 90% e.e., and especially In at least 96% e.e. Preferably the product of the reduction 
25 Is a compound of Formula (7>. 



t©>« 

Formula f7) 

30 Where X. G. n and R* are as defined above. 

When reduction of the Bete-keto group In a compound of Formula (Wis a 
stereospecific reduction It may be carried out by any means known in the ait for the 
. stereospedfld/ecluction of Beto^greups. These include the usa J*£ 
(for examples see Genet, J. P.; Ratovelomanana-Vldal, V.; Cano do Andrade, M. C. f 
35 Water, X-iGuerrelro, P.; Lenoir, J. Y, Tehran Lett. 1995, 35. 4801; Guerre,ro, P, 
cano de Andrade, M. C, Henry, J. C, Tranchter, J. P, Phansavath, P, R^tvelomanana- 
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Vldal, V/, Genet, J. P.; Homri, T.; Touati, A. R.; Ben Hassine, B. G.R. Acad. Set Peris 
1999, 2, 175; which are incorporated herein by reference; also reactions as described In 
-Catalytic Asymmetric Synthesis 0 by Ojlma. published by Wiley-VGH (ISBN 0-471-40027- 
0) and -Principle and Applications of Asymmetric Synthesis by Lin, LI and Chan published 
by Wiley Inter-sclence (ISBN 0-471 -26 &05-0)) or a biological catalyst such as a whole cell, 
an enzyme, a cell preparation or a cell free extract. 

•Preferred catalysts are those asymmetric transfer hydrogenation catalysts which 
are described in WO97/20789, WOS 8/42643, and WO02W4111 which are heretn 
Incorporated by reference. 

Preferred transfer hydrogenation catalysts for use in the process of the present 

Invention have the general formula: 

M _ 
V R 

whereMi: 

R 27 represents a neutral optionally substituted hydrocarbyL a neutral optionally 
substituted perhalogenated hydrocarbyl, or an optionally substituted cyclopentadienyl 
ligand; 

A represents an optionally substituted nitrogen; 

B represents an optionally substituted nitrogen, oxygen, sulphur of phosphorous; 
E represents a Unking group; 

M represents a metal capable of catalysing transfer hydrogenation; and 

Y represents an anionic group, a basic ligand or a vacant site; 

provided that at least one of A or B comprises a substituted nitrogen and the 
substituted has at least one chlral centre; and 

provided that when Y is not a vacant site that at least one of A or B carries a 
hydrogen atom. 

Particularly preferred transfer hydrogenation catalysts are those Ru, Rh or Ir 
catalysts of the type described In WO97/20789, W096742643, and WO02/44111 which 
comprise an optionally substituted diamine ligand, for example optionally substituted 
ethylene diamine Uganda, and a ligand which is selected from the group comprising 
optionally substituted neutral aromatic ligands, for example p-cymene, and optionally 
substituted cyolopentadiene ligands. 

Especially preferred are Ru, Rh or ir catalysts of the type described in 
WO97/20769, W098/42643, and WO02/44111 which comprise an optionally substituted 
diamine ligand wherein at least one nitrogen atom of the optionally substituted diamine 
ligand is substituted with a group containing a chlral centre, particularly a suphonyl group 
containing a chlral centre. 
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One example of these especially preferred catalysts can be prepared by reacting 
rhodium pentamethylcyclopentadiene dlchloride dimer with (S)-N-camphorsulphonyl- 
(S,S>dlphenylethytenedlarnine under the conditions described in Example 6 of 
W098/42643 to give a catalyst of Formula 



Ph, < s Lu CP* 



Cp" a Pent&melhylqytiopantadtena 



This reaction may optionally be carried out under triphasic conditions and is 
preferably carried out in the absence of oxygen, for example under a nitrogen 
atmosphere. The preferred temperature range for this reaction is -30 to SO °C f especially 

otosd.^c. 

When X is S, preferred compounds of Formula (2>, including compounds of 
Formula (8), 



o o 



Formula (B) 
where R 5 is optionally substituted C^alkyl. 

may be prepared by reacting 2-acetyl thiophene with a dialkyl carbonate, more 
preferably diethyl carbonate, In the presence of a base preferably an alkali salt of the alkyi 
salt corresponding to the dialkylcarbonate ( eg sodium ethoxlde if the dialkyl carbonate is 
diethyl .cartodnate), a non-nucleophiltc base such as NaOtBu, KOtBu, UOtBu ] lithium 
diisopropylamide, Na t KorLi hexamethyldisylaztde, Na in liquid ammonia, sodamide or an 
amine base with an activating Lewis acid (eg Wethylamine with a Mg salt). Especially 
preferred base? are hydride salts, particularly sodium hydride and non-nucleophilic 

baseSi particularly KaOtBu. 

R 5 is preferably optionally substituted C 14 aikyl and especially ethyh 

The compound cf Formula (5) is (hen preferably reduoed by a stereospetiflc 

reduction, as described above, to give a compound of Formula (9); 



whert R s Is as described above. 



Formula (9) 
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.The amldatlon of the compound of Formula (2) in step (a) may be carried out by 
any means known In the art 

Preferably Step (a) of the process is performed in the presence of any organic 
solvent or mixture of organic solvents which is unreactlve towards the reagents employed. 
6 Polar aprotic solvents are especially favoured. Examples of suitable solvents include 
toluene . tetnabydrofuran, acetonltriie, DMF and ethers. 

Step (a) of the Invention is preferably carried out In the temperature range of from 
-20°C to 15{S°C. More preferably In the temperature range of from -10°C to 100°G. 

Step (a) of the process is advantageously allowed to proceed to at least 90% end 
10 more advantageously at least 95% conversion to a compound of Formula (3). 

The reaction time of step (a) of the process of the second aspect of the Invention 
will depend on a number of factors, for example the reagent concentrations, the relative 
amounts of reagents, the presence of a catalyst, me nature of the solvent and particularly 
the reaction temperature. Typical reaction times, in addition to the reagent addition times, 
15 range from 1 minute to 200h hours, with reaction times of 5 minutes to 6 hours being 
common. 

Whert, In a preferred embodiment of the invention, one of R 1 and R? is H and toe 
other is methyl, then step (a) preferably comprises reacting a compound <rf Formula (2) 
with methylarnlne. 

20 It is particularly preferred that the compound of Formula (2) end methylarnlne are 

both in solution In either a single or multiphase system. 

A preferred solvent system for step (a) comprises water and a water immiscible 
solvent, especially toluene. 

The reduction of the compound of Formula <3) in step (fc>) may be carried out using 
25 any suitable method known in the art. These methods include reduction by: lithium 
aluminium hydride, di-Zso-butylalumlnlum hydride, lithium bonohydride , lithium borohydride 
with methanol, catecholbprene or borane or sodium borohydride preferably with an 
activating agent such as ethanol, CH3SO2H, HiSO*, pyridine, methanol, TICU or Co£( 2 . 
Preferably reduction gf the compound of Formula (3) in step (b) is by lithium 
30 aluminium hydride 

Step (b) of the process can be performed without any solvent but is preferably 
performed In the presence of any organic solvent or mixture of organic solvents which is 
unreactlve towards the reagents employed. Examples of suitable solvents include 
toluene; methanol, hexane, tetrahydrofuran, ethylacetate, octanol, atetonilarile and 
35 dimethyiform amide. Telrahydrofuran Is especially favoured. 

Step (b) of the process Is preferably performed in the absence of oxygen. Oxygen 
may be excluded by, for example, passing an inert gas, especially nitrogeh, through the 
reaction mixture. 

Step (b) of the process may be carried out under reduced pressure * 




Step (b) of the second aspect of the Invention Is preferably carried out In the 
temperature range of from -20°C to 150°C and more preferably in the temperature range 
ofnWlO°Cto70 9 C. 

Step (b) of the process of the second aspect of the invention is advantageously 
5 allowed to proceed to at least 90% conversion and more preferably to at least 85% 
conversion, to a compound of Femnula (1). 

The reaction time of step (b) of the process of the second aspect of the invention 
wijl depend en a number of factors, for example the reagent concentrations, the relative 
amounts of reagents and particularly to© reaction temperature. Typical reaction times, in 
10 addition to the reagent addition times, range from 1 minute to 200 hours, with reaction 
times of 2 hours to 46 hours being common. 

A preferred embodiment of the present invention provides a process for the 
preparation of a compound of Formula (1 0) 



15 



NHCHa 



Formula (10) 



which domprise? the steps: 
20 (a) reacting a compound of Formula (9) 




H 

OR? 



Formula (9) 

where R e is optionally substituted C^alkyi, with methylamlne to flive a compound cf 
25 Formula (11) 




30 Formula (11) 

and 

(b) reducing the compound of Formula <1 1) to give the compound of Formula (1 Q). 
The preferred reductant in step (fc>) is Utfolgm aluminium hydride* 
35 A more preferred embodiment of the present Invention provides a process for the 

preparation of a compound of Formula (10) 
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OH 

^ P4HCH» 



OH 



Formula (10) 

5 

which comprises the steps: 

(i) acetylatlng 2-acetyl thiophene to give the compound of Formula (8) 

o p 

OR 9 



O^ 



10 

Formula (8) 
where fc 6 Is optionally substituted d^alkyi; 



1 5 («) reducing the compound of Formula <8) to give the compound of Formula (9) 

OH Q 

•oh 3 



Formula (9) 

20 where R 8 Is optionally substituted C,^alkyl: 

(III) reactirig a compound of Formula <fi) with methylamtne to give a compound of 
Formula (11); 



25 

Formula (11) 



arid 

30 (iv) reducing the compound of Formula <1 1) to give the compound of Formula (10). 

Conditions for steps <i) to <iv) are as described and as preferred above. 

According to a fourth aspect of the Invention there id provided a compound of 
Formula (3) as defined above. 

In preferred compounds of Formula (3) R and X are as preferred In the first aspect 
35 of the invention. 




10 



A preferred compound of Formula (3) Is of Formula (12). 




Formula (12) 
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A more preferred compound of Formula (3) Is of Formula (11). 

Many of the compounds of Formulae (1) to (12) may exist In the form of a salt. 
Th6se salts are included within the scope of the present inventions. 

The compounds cf Formulas (1) to (12) may be converted to the salt form using 
1 0 known techniques. 

The compounds of Formulae (1) to (12) may exist in tautomeric forms other than 
those shown in this specification. These taufemgrs are ateo included within- the scope of 
the present inventions. 

The invention will now be illustrated, without limitation, by the following examples. 



Sodium hydride (60% dispersion in mineral oil, 1Q0g v 2.S mot) was washed with 
anhydrous hexane (2 x 250 ml) under a nitrogen atmosphere at rodm temperature. 
Anhydrous tetrahydrofuran (THF) (340 ml) was then added with stirring followed by 2- 

25 acetyl thiophene (136 ml, 1 .25 mol) tn anhydrous THF (340 ml) over period of 20 mfnutes. 
The inaction mixture was then warmed to 35°C. After 30 minutes diethyl carbonate (305-6 
mtj 2.5* mol) in anhydrous THF (660 ml) was added oVor a period of 1 hour. After an 
additional hour the reaction mixture was coofed to -10*0, quenched with water (476 ml) 
and glacial acetic acid (145 ml) was added- The mixture was stirred for 20 minutes and 

30 then warmed to room temperature. The organic layer was separated and the aqueous 
layer was extracted with ethyl acetate (3 x 200 mf). The combined organic extracts were 
washed with brine (2 x Z00 ml), dried with Ne 2 S0 4 and concentrated under reduced 
pressure to give the title compound as a crude dark orange oil in 98% yield (242,Sg). 



1S 
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stagei 

FfeparMton of ethyl-3~oxo 3-te-thtoPhenvll propanoate 



20 




35 
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Preparation of fi thvt.a.fSV<ivd ro xv 3-f2-th.6ahenvtt propanoate 




Rhodium pehtamethylcyclopentsdlene dlchloride dlmer (1.8705 g, 0.0030 mol) and 
(S)-N^mphorsulphonylKS,S)Hfiphenyte!hylen€dlamIne (2.582 g, 0.0061 mol) were 
stirred in THF (378.5 mO at 0 "C under nitrogen to form a catalytic solution. 
10 $thyl-3-oxo 3-<2«thiophenyl) propanoate (300 g, 1.513 mol, from stage 1) was 

stirred in THF (378.5 ml) at 10 °C and sparged with nitrogen at a rate of 1.2 Lmln* 1 . A 
portion of the catalytic solution (73.5 ml) was added, and a mixture of formic add and 
triethylamlne in a molar ratio of 5:2 (327.1 g) was charged at a rate of 52.1 mlnr" 1 . Further 
portions of the catalytic solution (75 ml) were added every 1.5 hr. After the reaction had 

1 5 been shown to have gone to completion by ©C, after about 24 hours, saturated aqueous 
sodium hydrogen carbonate solution (1 L) was added at room temperature to quench the 
reaction. The aqueous layer was extracted with toluene (400 ml). The cdmblned organic 
layers were washed with brine (400 ml. 10 % w/w solution) and dried over anhydrous 
sodium sulphate. The organic solution was concentrated under reduced pressure to give 

20 a dark Brown oil In 97.5% yield (296.4 g). 

Stage 3 

Prcnaratloh of 3-fS Vhvdroxv-N-methvl 342-thtaohenvn prooanamlda 




Ethyl-3-(S)-hydroxy 3-(24hlophenyl) propanoate (270 g. from stage 2) was 
dissolved in toluene (675 ml). To this, an aqueous methyiamlne solution (675 ml, 40% 

30 w/w) Was added with stirring over a period of 1 5 minutes at room temperature. Once the 
reaction had gone to completion after 1 Hour, agitation was ceased and the brganlo layer 
was separated from the aqueous layer. Salt (100 g) was added to the aqueous layer 
which was then extracted with isopropyl acetate (2x500 ml). The organic extracts and the 
original organic layer were combined. Silica (250 g) was added and the resulting 

35 suspension was stirred for 20 minutes. The mixture was filtered and silica (250 g) was 
again added and the mixture was stirred for 20 minutes before being filtered. The 
resulting solution was concentrated under reduced pressure to give orange crystals (90.& 
g, 36 %) as the product 




Stage 4 

Preparation of <SW3-fN-mBihvn amino 1-te -thiPDhenvft Dropan-1-oli 



OH 




5 

3-(8>Hyd««y-NHtiethy» 3-(2-thiophenyl) propanamlde (80g) Was dissolved in 
anhydrous THF (320ml) under nitrogen with stirring. A solution of lithium aluminium 
hydride (648ml, 1 M) in THF was added at rate that kept the temperature constant at 50 
°6. When all the lithium aluminium hydride solution had been added the reaction mixture 

1Q was held at §0 °C for 50 minutes. The mixture was then cooled to -10 °C and isopropanol 
(100 ml) was slowly added. A saturated sodium sulphate solution (310 ml) was then 
added and the mixture was filtered. The filter residues were washed with ethyl acetate 
(2x100- ml) and the aqueous layer was separated. The organic layer was washed with 
saturated brine (2x100 ml) and then dried over $odium sulphate. The organic solution 

15 was thfcn concentrated under reduced pressure to give a dark orange oil (65 g, &6 %). 
Solvatipg the oil in toluene and stirring at 0 °C overnight gave crystals as the final product 
that wete filtered and dried on the fitter. 

Example 2 

20 

Preparation fat? ethvl-3-fSUiydroxv 3-(2-thiophenvn prooanoate bv biological reduction of 
etKvl-3woxo 3-f2-thiophanvft prooanoate 

Yeast cultures were grown on YM (yeast and mold) agar at 2&°C for 72h. Uquld cultures 

25 were prepared by inoculating a single colony from a plate into 5Qml of sterile growth 
medium consisting of (per litre); glucose (10g), yeast extract (2g), trace metal solution 
(1nii), K 2 HPd 4 (1.9g), NaW 2 P0 4 2H*0 {2.02g) a (NhUfeSC^ 0 'Bg), MgS0 4 7HaO (0.2g) and 
FeCfe (£>.97mg) in a 250ml baffled flask. Following 24h growth at 2fl°C on ah orbital 
shaket, the celts were harvested by centrifuging at 4000 rpm for 10 minutes and the cell 

30 pellet was ^suspended In 5ml of 0,1 M phosphate buffer, pH 7.5* The cell suspension 
was Ggntrifuged as above , the supernatant discarded and the ceQ pellet resuspended In 
5ml of the abbve buffer Bloreductlons were initiated by the addition of Sitit of cell 
suspension to 5ml of the above buffer containing 4g/I glucose arid 2Qul of ethyl-3-oxo 3- 
(2-thiophenyl) propfincate from Example 1 stage 1. The cells were incubated for 24h at 

35 2&°G ori an orbital shaker. Formation of ethyl-3-hydroxy 3-(2-thiophenyi) propanoate was 
monitored by removing 1ml pf cell suspension, dentrifuging at 14K rpm for 1 minute to 
pellet this cells and analysing the supernatant by reverse phase HPLC. Analysis was 
perforrhed on a Hlchrom RPB column (25cm x 4.6mm Id-) eluted at im\ttt\\n with 0.1% 
aqueous TFA and acetonitrile (70:30) at a column temperature of 28°C. The reactant and 

40 product were detected by their absorbance at 254nm. The retention time of ethyl-3-oxo 3- 
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(2»thiophenyl) propanoate was 12.7 minutes and the retention time of ethyl-3-hydroxy 3- 
(24hI6^henyl) propanoate was 9,3 minutes. Bioreductlon reactions showing the 
formation of eihyl-3-hydroxy 3-(2-thlophenyJ) propanoate were worked up by centrifuging 
at 4K rpm for 10 minutes and extracting the supernatant twice with an equal volume of 



& ntethyMert-butylether. The combined extracts were dried over anhydrous sodium sulphate 
and then the solvent was evaporated to dryness. The residue was taken up In isohexane 
and 2«propanol (70:30) and the enantiomeric composition of the ethyl-3-hydroxy 3-(2- 
thibph^nyl) propanoate was determined by chiral phase HPLC. Analysis was performed 
oh a Ghiralcei OD column (25cm x 4.6mm i.d. ex Dalcel Ltd) elated at 1ml/min with 

1 0 istihexane and 2-propanoI (90: 1 0) at a eolumn temperature of 28*C, EthyI-3-oxo 3-(2- 
. thtapK^nyl) propanoate and the enantiomers of ethyJ-3-hydroxy 3-(24hiophenyl) 
propanoate were detected by their absorbance at 235nm. The retention time of ethyJ-3- 
oxo 3^(24hiophenyl) propanoate was 16.5 minutes, the retention time of ethyl-£-(S)- 
hydroxy 3-(24hlaphenyl) propanoate was10.3 minutes and the retention time of ethyls 

15 (R)-hydroxy 3-<2-thiophenyl) propanoate was 24.0 minutes. The results are summarised 
in the fallowing table. 



Microorganism 


% Conversion to 
ethyt-3-(R)- 
hydroxy 3-(2- 
thlophenyl) 
propanoate j 


%e.e. of (S) 
enantlomer 


Sapghgromypes carlsbergensie NCYC398 


4 


79 


Hans^rigia wtakerhamii CBS4307 


51 


61 


S^bcJiaromyces cerevteiae CBS431 


26 


«P, 


Plehla. pastorjei QBS7Q4 


17 


.82 


DebarOrhyces marama'NCYC282 


12 


.92 : 


Hansejjula pWlodendra CBS6075 


10 


91 


Candida inteilrnedla IFO0731 


18, 


7* 


Prehiaanflusja NCYCR32Q 


46 


60 


Cancjldiboldlnlt CBS2420 


66 


08 


Hsjnsejtula npnfermentans CBS5674 


« 


84 


Hansebyla angusta BCC426 


39 


gg 


Toryiopgis sp. BCC900 


25 


78 


ToiyJopels m^Hschiana CBS837 


64 


I # 
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CLAIMS 



1 . A process for the preparation of a compound of Formula (1 ) 

s 



OR 




Formula (1) 

10 wherein: 

X Is S t O or NR a , wherein R 3 is H or an organic group; 
,R is H or an organic group; 

R 1 and R 2 each independently are H, optionally substituted alkyl or optionally 
substituted aryt; 
19 G la a substituent; and 

nisOtoS; 
which comprises the steps: 

(a) reacting a compound of Formula (2) with a compound of Formula NHR 1 R 2 to give a 
compound of Formula (3) 

20 



25 




Formula (3) 



30 wherein: X, R, G and n are as defined above and R 4 Is optionally substituted ©iky), 

optionally substituted alkenyl* optionally substituted alkynyl, optionally substituted aryl, 
optionally substituted hetenoaryl or a combination thereof; and 



25 



15 




(b) redpcins the compound of Formula (3) to give a compound of Formula (1). 
2. A process for the preparation of a compound of Formula (3); 




I 

Formula (3) 

1 o whereby a compound of Formula (2); 



Formula (2) 



la reacted with a compound of Formula NHR^R 3 to give a compound of Formula (3): 
1 5 wherein X, G, n, R, R\ R* and R* are as defined in claim t, 



3. A process for the preparation of a compound of Formula (1); 

PR 

20 Formula (1) 



In vtfiidi a compound gf Formula (3); 



Formula (3) 

is reduced to give a compound of Formula (1): wherein X, G« n, R, R 1 and R 2 are as 
defined in claim 1- 
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4. A process according to any ohe of daims 1 and 3 wherein the compounds of 
Formula (1) are of Formula (4) 

OR 

Formula (4). 

whereir^X, O, n, R. R 1 and R 2 are as defined in claim 1< 

5. A jirocess according to any one of the preceding daims wherein X is S. 

6. A process according to any one of the preceding daims wherein R Is H or napthyl. 

7. A process according to any one of the preceding daims wherein one of R 1 and R 2 
is H and ttie Other te methyU 

8. . A process, according to any one of the preceding daims. for the preparation of a 
compound of Formula <10) 



OH 

" NHGHj 



OH 



Formula (10) 



which pornprises the steps: 

(a) reacting a compound of Formula (9) 



OH O 

OR 6 



Formula (9) 

where ft* is optionally substituted Chalky!, with methylamine to give a compound of 
Formula (11) 



NHCHg 

Formula (11) 
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and 

(p) reducing the compound of Formula (11) to give the compound of Formula (10). 

5 9. A process, according to any one of the preceding claims* for the preparation of a 
compound of Formula (10) 



16 



20 



30 



OH 



10 Formula (10) 

which comprises the steps: 

(I) acetylating 2^acetyl thlophene to give the compound of Formula (8) 



Formula <8) 
where R s Is optionally substituted Cuftlfcyl; 



(K) reducing the compound of Formula (8) to give the compound of Formula (9) 

oh p 



26 Formula (9) 

where R 5 is optionally substituted Chalky!; 

(Ill) teactlng a compound of Formula (9) with methylamine to give a compound of 
Formula (11); 



oh o 



Formula (11) 

35 and 

(Iv) reducing the compound of Formula (11) to give the compound of Formula (10). 
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10. Accmpound of Formula (3) 




Formula (3) 



wherein 



Xj \s S, O or NR 3 , wherein R* is H or an orgartlc group; 
FB Is H or an organic group; 

ftf and R 2 each independently are H, optionally substituted alkyl or optfonaUy 
substituted aryi; 

(3 Is a substituenfc and 
ate 0t6 3. 

11. A compound of Formula (3) ( according to claim 10, of Formula (12); 




Formula (12) 

wherein X, <3, n, Rj R 1 and R 2 are as defined In claim 10. 



A compound according to either claim 10 or claim 11 wherein X is S. 



13. 



A compound according to any one cf claims 10 to 12 wherein R is M or napthyl. 



14. A compound according to any one cf claims 10 to 13 wherein one of R 1 and R 2 Is 
H ahd thp other Is methyl. 



15, A compound according to any one of claims 10 to 14 of Formula (1 1 ) 



oh o 




Formula (11). 
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ABSTRACT 

A process for the preparation of a compound of Formula (1) 



OH 



Formula (1) 

whergin: 

10 X Is S, O or NR 3 , wherein R 3 is H or ©n organic groups; 

R is H or an organic group; 

R 1 and R 2 each independently ane H, optionally substituted alkyl or optionally 
substituted aryl; 

G is a substltuent; and 
15 nis0to3: 

which comprises the steps: 

(a) renting a compound of Formula (2) with a compound of Formula NHR 1 R 2 to give a 
compound of Formula (3) 

20 




k 0R* 

Formula (2) 
Formula (3) 

whereih : x, R, G and n are as defined above and R 4 is optionally substituted allcyt, 
30 optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted aryl, 
optionally substituted heteroaryl or a combination fliereof, and 



"TrTocT^'j tqtci nn ht^^ih:uitw-i J.X :Q\ 2002-d3S-9T 



20 

(b) reducing the compound of Formula (3) to give a compound of Formula (1). 

Also, a process whereby a compound of Formula <2) is reacted with a compound 
of Formula NHR'R? to give a compound of Formula (3). a process whereby a compound 
6 of Formula (3) is reduced to give a compound of Formula <1) and novel compounds of 

i 

Fortaula. (3). 
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